**An overview of a long-gap peripheral nerve therapy:** A long-gap peripheral nerve transection injury is an irreparable injury to the living body, and mostly leads to permanent loss of related motor and sensory functions. In such long gap injuries, nerve end-to-end suture is physically impossible. Therefore, bridging a long nerve-gap is critical to re-establish adequate mechanical support for separated nerve ends, and prevent the diffusion of neurotrophic and neurotropic factors secreted by transected stumps (Deumens et al., 2010).

Autologous nerve grafts have been used as gold standard treatment (Deumens et al., 2010), with the expectation of proliferation and activation of graft-associated Schwann cells, along with their production of neurotrophic factors and cytokines. However, the prognosis is not always favorable, despite the sacrifice of a healthy nerve graft from another unaffected normal body part.

Scaffold bridges, which can be of synthetic or biological origin and/or be resorbable or non-resorbable, have been studied with the hope that bridging conduits can provide sufficient mechanical support and concentration of neurotrophic/neurotropic factors. However, it appears clear that the use of these conduits alone does not sufficiently facilitate nerve regeneration across long gaps (Pfister et al., 2011).

Combinatorial use of acellular conduits with several cellular sources, such as Schwann cells and/or Schwann-like cells derived from cultivated bone morrow stromal cells (Dezawa et al., 2005), olfactory ensheathing cells (Radtke et al., 2011), and adipose tissue-derived cells (Kingham et al., 2007) have also been studied. However, these methods are unlikely to match or exceed the performance of autologous nerve grafts, whereas skeletal muscle-derived stem cells showed significantly higher performance than that of the autologous nerve graft (see next section).

**Application of skeletal muscle-derived stem cells to the long-gap nerve injury:** As an alternative method, we have reported the potential therapeutic use of mouse skeletal muscle-derived multipotent stem cells (Sk-MSCs) in long-gap nerve injury treatment by bridging using an acellular conduit (Tamaki et al., 2014), based on the original capacity of the Sk-MSCs as the synchronized reconstitution of the muscle-nerve-blood vessel unit (Tamaki et al., 2005). As expected, transplanted mouse Sk-MSCs actively differentiated into all types of peripheral nerve support cells (Schwann cells and perineurial/endoneurial cells) and blood vessel-related cells (pericytes and vascular endothelial cells), and showed favorable numerical (the number of axons and myelin) and functional recoveries (Tamaki et al., 2014). A significant increase in the number of blood vessels was also observed, along with a potentially sufficient contribution of O~2~ and nutrition supply and elimination of waste products, to enable faster recovery (Tamaki et al., 2014). These recovery achievements showed 2--3-fold higher scores than that of the reported gold standard treatment (Deumens et al., 2010), showing great promise in peripheral nerve therapy. However, this was a mouse study, and it was unclear whether human skeletal muscle included stem cells comparable to those in the mouse.

Recently, we also reported optimal methods for the therapeutic isolation and fractionation of human skeletal muscle-derived cells (Sk-Cs), and established appropriate cell expansion culture methods (Tamaki et al., 2015). Subsequently, we reported that human Sk-Cs also had stem cell potential for skeletal muscle and peripheral nerve-vascular lineage cells in severely damaged skeletal muscle (Tamaki et al., 2015), similar to mouse Sk-MSCs used previously (Tamaki et al., 2005, 2007a, b). Therefore, it appeared that human Sk-Cs should be considered to be skeletal muscle-derived stem cells (Sk-SCs).

Sk-SCs have been isolated using various methods. However, regarding our cell isolation and fractionation method, the most important points are that 1) the muscle samples must not be minced before enzymatic treatment, 2) enzymatic treatment should be performed with as minimal effect protease/peptidase activity as much as possible, and 3) CD45, CD34, and CD29 should be used for cell sorting immediately after enzymatic isolation. We have consistently used this method throughout our mouse and human experiments, and obtained Sk-34 (CD45^--^/34^+^) and Sk-DN (CD45^--^/34^--^/29^+^) cells.

Then, we found that the mouse Sk-DN cells were situated hierarchically upstream of the Sk-34 cells, showing the identical differentiation and regenerative capacity as similar lineage cells (Tamaki et al., 2008). However, the human Sk-DN/29^+^ and Sk-34 cells showed completely different differentiation and regenerative capacity. The Sk-DN/29^+^ cells showed specific to myogenic differentiation/regeneration (probably mainly satellite cells), but the Sk-34 cells exerted multipotent differentiation into peripheral nerve and vascular cell lineages (Tamaki et al., 2015).

Further, we applied human Sk-34 and Sk-DN/29^+^ cells to the long-nerve gap therapy study (Tamaki et al., 2016), strictly followed the previous mouse experiment protocol (Tamaki et al., 2014). The results clearly indicated that human Sk-34 cells showed comparable therapeutic capacities to those seen with the mouse Sk-MSCs, with regard to cell biology, tissue morphology, and physiology (Tamaki et al., 2016).

**Comparison of the mouse Sk-MSCs and human Sk-SCs:** The achievements of numerical, cell biological, and functional recoveries in cases of mouse Sk-MSCs (Tamaki et al., 2014) and human Sk-SCs (Sk-34 and Sk-DN/29^+^) (Tamaki et al., 2016) in long-gap nerve therapy are summarized in **[Table 1](#T1){ref-type="table"}**. The cell differentiation capacity of the mouse Sk-MSCs and the human Sk-34s are comparable, showing differentiation into peripheral nerve cells (Schwann cells and endoneurial/perineurial cells) and vascular cells (endothelial cells and pericytes). Favorable numerical recovery of the total number of axons and myelin is also similar, whereas an increase in the number of blood vessels was relatively higher in the mouse (7--9 fold *vs*. 3--4 fold). Interestingly, significant numerical recovery of axon/myelin was also observed in Sk-DN cells (since they were clearly lower in number than those in the Sk-34 transplantation), whereas complete elimination of Sk-DN/29^+^ cells occurred within 2--4 weeks after transplantation. In addition, an increase in the number of blood vessels was also evident (4--5 fold), associated with moderate functional recovery. Therefore, the paracrine effects of transplanted Sk-DN/29^+^ cells during the first 2--4 weeks may have positively affected overall recovery, acting as an adjuvant for the repair of damaged nerve tissue.
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Several angiogenic paracrine factors were detected at the protein level in the three cell fractions, and these are summarized as paracrine capacity in **[Table 2](#T2){ref-type="table"}**. All three cell types showed active expression of angiogenesis-relating cytokines just before transplantation with only a few minor differences. Therefore, it is possible that the presence of these cytokines in the Sk-DN/29^+^ cells may accelerate blood vessel formation during the early recovery phase, and lead to setup of a favorable oxygen/glucose environment in the nerve conduit. This also suggests the important observation that an appropriate treatment during the first 4 weeks after injury markedly affects subsequent numerical and functional nerve recovery. In fact, functional recovery of downstream muscle began at 2 weeks after surgery (Tamaki et al., 2016). Thus, this should be a consideration in future nerve injury therapy.
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**Elimination of skeletal muscle fiber formation in the peripheral nerve niche:** Elimination of skeletal muscle cells, with an inhibition of maturation of the fibers, in the nerve regeneration niche has been also observed in the case of the mouse Sk-MSCs transplantation (Tamaki et al., 2014). In the mouse Sk-MSCs, it is impossible to separate myogenic cells and the other nerve-vascular cells, because of their clonal multipotency for muscle-nerve-vascular cell lineage (Tamaki et al., 2007b). Therefore, cell differentiation into three lineages begins together, but myogenic cell differentiation arrests during the first 2--3 weeks, probably owing to the lack of factors promoting differentiation into mature myofibers in the nerve specific niche (Tamaki et al., 2014). At least, myogenic capacity is not necessary for nerve regeneration, and preliminary separation of them is possible in the human case, and this is thought to be advantageous for therapeutic applications.

**Prospect for therapeutic use:** In terms of therapeutic application, we found that there were no differences in the differentiation/regenerative capacity of human Sk-SCs whether the muscle samples were obtained from the leg or abdominal muscles (Tamaki et al., 2015). Therefore, we propose that a small sample removal (around 3 g) from the abdominal wall muscle would allow donor cells to be obtained relatively easily and safely, with minimal sacrifice. In cases of open traumatic injury, sampling around the nerve-damaged site is also possible. For the nerve conduit, we presently think that an appropriate size vein, after acellular treatment by 70% ethanol, would be the best candidate. However, the use of an artificial biodegradable tube (probably polyglyconate and/or collagen) is less invasive and much better for the patient. However, further consideration/improvement, such as adjustable size, substance permeability, and physical tenderness of tubes, should be considered.

**Conclusion:** It is possible that human Sk-SCs have favorable properties similar to that of mouse Sk-MSCs in peripheral nerve regeneration therapy, when using our original cell isolation/fractionation/expansion method. Therefore, human Sk-SCs are a potential practical source for autologous stem cell therapy following severe nerve injury.
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